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S| UNITS AND INCH-POUND SYSTEM EQUIVALENTS

[SI, International System of Units, a modernized metric system of measurement. All values have been rounded to four significant digits except
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units in this table. Where the units are spelled out in text, Survey style is to use square meter]
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millimeter (mm) = 0.039 37 inch (in) decimeter? per second = 15.85 gallons per minute
meter (m) = 3.281 feet (ft) (dm3/s) (gal/min)
= 1.094 yards (yd) = 543.4 barrels per day
kilometer (km) = 0.621 4 mile (mi) (bbl/d) (petroleum,
= 0.540 0 mile, nautical (nmi) 1 bbl=42 gal)
meter? per second (m3/s) = 35.31 feet? per second (ft3/s)
Area = 15850 gallons per minute
centimeters (cm?) - 0.1550 inch? (in?) (gal/min)
meter? (m?) = 10.76 feet? (ft2)
= 1.196 yards? (yd?) Mass
= 0.000 247 1 acre - -
hectometer? (hm?) = 2.471 acres gram (g) = 0.035 27 ounccfl: z)wou‘dupms (oz
= . 1 ion (640 avap,
0.003 86 sef‘:ﬁﬁ)( acres or kilogram (kg) = 2.205 pourg.is avoirdupois (Ib
kilometer? (km? = 0.386 1 ile? (mi? avdp)
ilometer® (km?) mile? (mi%) megagram (Mg) = 1.102 tons, short (2 000 lb)
Volume - 0.984 2 ton, long (2 240 1b)
timeter® (cm?® = 0.061 02 inch8 (in3
(cizrc\i:nn;aﬂ (((;::3)) = 61.82 0 iﬂﬁheéi"(iz,x) Mass per unit volume (includes density)
z ?(l)ég g:;lat:té;};)t) kilogram per meters 0.06243  pound per foot® (Ib/ft?)
- 02642 gallon (gal) kg/m?)
= 0.03531  foot? (ft?)
meter? (m?) = 35.31 feet?® (ft3) Pressure
= 1.308 yards® (yd?)
= 264.2 gallons (gal) kilopascal (kPa) 0.1450 pound-force per inch?
= 6.290 barrels (bbl) (petro- (Ibf/in?)
leum, 1 bbl=42 gal) = 0.009 869  atmosphere, standard
= 0.000 810 7 acre-foot (acre-ft) (atm)
hectometer® (hm?) = 810.7 acre-feet (acre-ft) = 0.01 bar
kilometer3® (km®) = 0.2399 mile® (mi3) = 0.296 1 inch of mercury at
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U.S. Geological Survey Research in Radioactive
Waste Disposal--Fiscal Year 1982

By
Robert Schneider and N. J. Trask
ABSTRACT

The report summarizes progress on geologic and hydrologic research related
to the disposal of radioactive wastes. The research is described according
to whether it is related most directly to: (1) high-level and transuranic
wastes; (2) low-level wastes, or (3) uranium mill tailings. Included is
research applicable to the identification and geohydrologic characterization
of waste-disposal sites, to investigations of specific sites where wastes
have been stored, and to studies of regions or environments where waste-
disposal sites might be located. A significant part of the activity is
concerned with techniques and methods for characterizing disposal sites

and studies of geologic and hydrologic processes related to the transport
and (or) retention of waste radionuclides.

INTRODUCTION

It is generally recognized that the transport of radionuclides to the

human environment from radioactive wastes at or below the land surface

will involve water. The transport of water and its solutes is related to
the hydrologic features of the environment which, in turn, are controlled
by climatic, topographic, geologic, and geochemical conditions, Owing to
the long half lives of some waste radionuclides, certain wastes need

to be isolated from the human environment for such long periods of time
that it becomes necessary, in selecting disposal sites, to take into
account the effects of dynamic geologic processes which could change the
hydrologic regime and alter rates and directions of subsurface radionuclide
transport., For these reasons and because the U,S. Geological Survey (USGS)
is the principal earth-science agency in the Federal Government, the various
agencies concerned with nuclear facilities and testing nuclear weapons

have requested the advice of the USGS for many years on the relation of
geology and hydrology to the isolation of radioactivity from the biosphere.

The research of the USGS as a whole, includes almost every area of earth
science., The specific research activities described in this report are

part of the USGS program that is directly related to radioactive waste
disposal. They include geologic and hydrologic research of general
applicability to the identification and characterization of waste disposal
sites, investigations of specific sites where wastes have been stored,

and studies of regions or environments where disposal sites might be located.
The activities discussed in this report are divided arbitrarily into three



categories according to wheth7r they relate most d1r%§t1y to (1) high-

level and transuranic wastes! (2) lTow-level wastes</, and (3) uranium
mill tailings.

Some of the generic research in the section on high-level and transuranic
wastes, particularly the work on techniques and methods for characterizing
disposal sites and studies of geologic and hydrologic processes, could also
be applicable to low-level waste disposal. Conversely, the section on low-
level wastes includes research on geolojic and hydrologic processes that
could be useful in problems related to the disposal of high-level and trans-
uranic wastes.

This is the fourth report of progress of USGS researg? in radioactive waste,
the previous one being by Schneider and Trask (1983)

1/H1gh level wastes include fission products that initially have a high
level of beta and gamma radiation and a high rate of heat generation; they
also include transuranic elements with a long toxic life. Transuranic
waste contains long-lived alpha emitters at concentrations greater than

10 nCi/g and generates little or no heat.

2/The term low-level wastes has carried a changing and imprecise definition

over the years. Currently, it generally means waste which does not fit the

definition of high-level waste and in which the concentration of transuranic
elements is less than 10 nCi/g. It consists in part of miscellaneous solid

materials that have been irradiated and contaminated through use as well as

products of reactors and fuel reprocessing plants.

3/schneider, Robert, and Trask, N.J., 1983, U.S. Geological Surve{ Research
in Radioactive Waste Disposal - Fiscal Year 1981: U.S. Geological Survey

Water Resources Investigation Report 83-4105, 122 p.



RELATION TO PROGRAMS OF OTHER AGENCIES

For more than 30 years, the USGS, Department of the Interior (DOI), has
provided technical consultation to the Department of Energy (DOE) and

its predecessors, the Energy Research and Development Administration and

the Atomic Energy Commission. The USGS has also assisted the Department

of Defense; the Nuclear Regulatory Commission (NRC); and the Environmental
Protection Agency (EPA). The work has included assistance to the DOE

staff at Germantown, Maryland, and Columbus, Ohio. A variety of regional

and detailed geologic and hydrologic studies and generic research related to
waste disposal has been conducted at the Savannah River Plant, South Carolina;
O0ak Ridge National Laboratory, Tennessee; Idaho Nuclear Engineering Laboratory;
the Hanford Reservation, Washington; and to weapons testing and(or) waste
disposal at the Nevada Test Site and other localities. These activities

are referred to collectively as cooperative programs in contrast to those
activities supported by direct Congressional appropriations to the USGS.

With regard to high-level and transuranic wastes, the specific responsibility
for selection of sites for waste repositories, as well as their design,

lies with the DOE. The NRC and EPA are responsible for licensing the
facilities and establishing criteria for judging their environmental

effects. The DOE program, known as the National Waste Terminal Storage
(NWTS) program, includes support for cooperative investigations by the

USGS. The part of the USGS research on high-level wastes that is funded

by its own appropriations is designed to complement and augment the DOE
program and to provide needed information from an agency that has neither
operational nor regulatory responsibilities in waste disposal.

Some sites being studied in foreign countries have provided the opportunity
for the USGS to conduct research of mutual benefit to both countries. Some
research on borehole geophysical logging is being conducted in cooperation
with Atomic Energy of Canada, Limited, at the Underground Research Laboratory
in southeastern Manitoba. The geochemistry of ground waters at the Stripa
mine site in Sweden is under study in cooperation with the Swedish Nuclear
Fuel Supply Company/Nuclear Fuel Safety Project which is operated for the
Swedish Nuclear Power Utility Industry (see section on Geochemistry of

trace elements in natural waters).

For several years, the USGS has been conducting specific geohydrologic studies
at low-level disposal sites on behalf of the DOE at the Idaho National Engi-
neering Laboratory and at the Oak Ridge National Laboratory, Tennessee.

Starting in fiscal year 1982, investigations of low-level waste disposal were
conducted for the NRC at Sheffield, Il1linois and West Valley, New York.



BUDGET SUMMARY -- FISCAL YEAR 1982
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HIGH-LEVEL AND TRANSURANIC WASTES

GEOLOGICAL SURVEY PROGRAM FOR IDENTIFYING
ENVIRONMENTS SUITABLE FOR DISPOSAL OF HIGH-LEVEL WASTE

By M. S. Bedinger and K. A. Sargent, Lakewood, Colo.

Screening activities to locate sites for radioactive waste repositories
have been underway for many years, principally outside the USGS. Typically,
they involve the study of successively smaller geographic regions with a
progressive increase in the level of detail of study. Only recently,
however, has there been an appreciation of the need to consider, at the
earliest stage of this process, geohydrologic factors that can provide
multiple barriers to radionuclide migration (Interagency Review Group on
Nuclear Waste Management, 1979, p. 37-43). The term multiple barriers
includes man-made barriers and natural barriers in the form of specified
hydrodynamic, geochemical, and geologic characteristics that would impede
radionuclide transport. The factors of most significance include a tec-
tonically stable environment, a host rock of low permeability in a flow
system with long flow paths to discharge areas downgradient from the re-
pository, and the occurrence in the flow system of rocks of high sorptive
capacity. Previously, attention was focused alimost exclusively on the
potential host rock, particularly its stability. While the host rock
remains important, its characteristics must be considered in conjunction
with the types of hydrologic and geologic barriers mentioned above.

This study is part of the USGS high-level waste program which was started
in fiscal year 1979 with direct Congressional appropriations. Owing to the
fact that the DOE has the responsibility for selecting sites, the overall
program is closely coordinated with the DOE.

Objective: To identify or contribute to the identification of geohydrologic
environments with hydrodynamic, geochemical, and geologic characteristics
which provide independent, multiple, natural barriers to the migration of
radionuclides and which may warrant intensive study.

Approach: Eleven broad physiographic provinces, encompassing the 48 contermi-
nous states, have been identified as the basic land units in the proposed
national screening process. During the screening, the provinces will be
subdivided successively into regions, areas, and potential sites. The approach
will generally follow the plan proposed by a subgroup of the DOE-DOI Working
Group that developed the Earth Science Technical Plan (ESTP), (U.S. Department
of Energy and U.S. Geological Survey, Subgroup I of the ESTP Working Group,
1980). Using the Basin and Range Province as a test area, the study will

be conducted by a group of State and Federal earth scientists comprising a
Province Working Group. The approach stresses the concept of identifying
environments with relatively independent, multiple barriers to nuclide transport,.



Progress: The Province Working Group, composed of representatives from the
participating states of Arizona, California, Idaho, Nevada, New Mexico, Texas,
and Utah, and two members of the U.S. Geological Survey, was organized and
met to establish Province screening guidelines, to examine geologic and hy-
drologic data which had been assembled for the Province, and to review
evaluations of parts of the Province that appeared to be suitable for further
study.

Data were compiled for the Province on the distribution of selected rock
types, mineral resources, seismic activity, late Cenozoic volcano-tectonic
features, areal gravity and magnetic features, ground-water levels, Pleis-
tocene lakes and marshes, and water quality. Ground-water flow systems
were delineated, and areas where the depth to water was greater than 150 m
were outlined. Depiction of the data on maps of individual States at
1:500,000 scale and of the Province at 1:2,500,000 scale was begun for
release as map reports. Guidelines for evaluating geohydrologic environments
in the Basin and Range Province were established and described in Part I of
USGS Circular 904 on Province characterization and evaluation, (Bedinger,
Sargent, and Reed, in press).

The initial evaluation to identify prospective environments for isolation

of high-level waste, resuited in the identification of six regions where
further study and evaluation appeared to be warranted (fig. 1). Reports on
the characterization of the Province, Part II, and evaluation of the Province,
Part III, were begun.

Report

Bedinger, M.S., 1982, Hydrologic features of flow systems in the Basin and
Range Province (abs.): Geological Society of America Abstracts with
Programs, v. 14, no. 4, p. 148,
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Hydrology

By William E. Wilson, Lakewood, Colo.

Objective: To determine present and past hydrologic regimes of the Nevada
Test Site and vicinity in order to predict the potential for ground-water
transport of radioactive waste from a proposed repository in Yucca Mountain
to the accessible environment,

Approach: Test drilling and hydraulic testing are being conducted in both
fEe saturated and unsaturated zones to characterize in detail the hydrologic
regimes of the Yucca Mountain area. Results will be used to interpret
potential ground-water flow pathways and bulk hydrogeologic properties of
unsaturated and saturated rocks, and to obtain information on the chemistry
and age of the ground water.

Digital models simulating ground-water flow and solute transport are required
to predict rates and directions of movement of radioactive species and their
concentrations in ground water if they should be released from a repository
on or near the NTS. The regional hydrology of southern Nevada has been
defined, and ground-water flow and transport from the Yucca Mountain site to
points of present and possible future discharge will be characterized in
greater detail.

Worldwide changes in climate during the Pleistocene Epoch (glacial and inter-
glacial stages) resulted in repeated changes in the ground-water regime.
Future climatic changes are probable in the time period of significance to

a repository for high-level and transuranic wastes. Paleohydrologic studies
are being used to estimate recharge flux, water-table depths, hydraulic
gradients, and flow paths to points of ground-water discharge during
Pleistocene pluvial cycles in order to assess the differences between

present hydrologic regimes and those that will prevail under wetter

climates in the future.
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Progress: Piezometers were installed in test hole USW H-1 (fig. 5) to depths
ranging from 640-1,806 m, under the direction of J.H. Robison. Measurements
made while water levels in the piezometers were still equilibrating show that
the three shallower piezometers have water levels within a meter of each other
and near the original composite level, The deepest piezometer, which is open
to the older ash-flow and bedded tuffs (table 1) has a water level about 50 m
higher than the others. The vertical distribution of head in this hole indi-
cates an upward hydraulic gradient near the bottom of the hole.

Hole USW H-3 was drilled to a depth of 1,220 m at the south end of Yucca
Mountain., The Topopah Spring Member of the Paintbrush Tuff, and the

Prow Pass and Bullfrog Members of the Crater Flat Tuff are all above the
water table, An attempt to test pump the hole resulted in a sustained
yield of about 0.3 L/s. On the basis of this test, the initial estimates

of Tow permeability of the Tram unit of the Crater Flat Tuff and underlying
tuff of Lithic Ridge, which were based on injection tests, have been revised
downward.

Located in a wash east of the Yucca Mountain block boundary, hole USW H-4
was drilled to a depth of 1,220 m. The water table is in the Prow Pass
Member of the Crater Flat Tuff, and the more permeable zones are broadly
distributed in the Prow Pass and Bullfrog Members and upper part of the

Tram unit, with a thin zone in the tuff of Lithic Ridge. The transmissivity
of this section is about 40 mz/day.

Hole USW H-5, located on the ridge of Yucca Mountain, due west of the
proposed site of the exploratory shaft, was drilled to a depth of 1,220 m.
The water table is near the top of the Bullfrog Member of the Crater Flat
Tuff at an altitude of 775 m, about 45 m higher than the level in USW H-3.
Permeability of the Bullfrog Member is relatively high compared with the
underlying Tram unit and the tuff of Lithic Ridge. The hole was pumped
initially at 9.5 L/s with 5.8 m of drawdown and, after making additional
perforations in the casing, at 7.6 L/s with only 2.5 m of drawdown. The
transmissivity is about 20 m¢/day.

Hole USW H-6, located west of a hingeline fault that cuts the Solitario
Canyon block (fig. 3), was drilled to determine local permeability of the
rock units and to establish the degree of hydraulic continuity with the
Yucca Mountain block. Water levels west of the block may indicate the
direction of ground-water movement toward and within the block, The water-
level altitude in USW H-6 is 780 m above sea level, or similar to that in
USW H-5, Water levels in and near the block suggest that ground-water flow
within the block is to the southeast.

Under the direction of R.K. Waddell, test wells UE-29a-1 and UE-29a-2 were
drilled in upper Fortymile Canyon, about 9 1/2 km (6 mi) northeast of test
hole USW-G2, as part of the regional hydrology program. Only one hole was
planned, but loss of the bit and drill collars at a depth of 65 m necessi-
tated drilling UE-29a-2, which was drilled to a depth of 422 m and tested,
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Testing of formations consisting primarily of rhyolite flows with a few
bedded tuffs was performed in two stages: (1) in the open hole, from the
bottom of the casing at a depth of 248 m to 354.5 m; and (2) through per-
forations in the casing extending from 87 to 213 m. During the second
stage, a bridge plug was set in the casing beneath the lowermost
perforation. Testing in both stages consisted of running pumping and re-
covery tests, tracejector surveys, and sampling for water chemistry.

The most significant result obtained from these holes is that the potentio-
metric level is much higher than expected, suggesting the presence of a
barrier between these holes and well J-13. The rocks at the site have a
relatively high transmissivity. Both potentiometric and carbon-14 data
indicate that downward flow occurs at the site. Carbon-14 ages of 2,300
yr, 3,800 yr, and 4,100 yr were obtained from three samples taken progres-
sively deeper at the site.

Water samples taken from different depths shortly after all pumping was
completed, and kept in sealed containers, show that dissolved-oxygen content
decreases from about 4 ppm at 200 m to about 2 ppm at 300 m,

A new map of potentiometric levels throughout a large area extending from
Death Valley to Tonopah, about 160 km northwest of Beatty, and east to
Pahranagat Valley, about 150 km northeast of Lathrop Wells, was compiled
by R.K. Waddell. This map confirms and refines previous interpretations
of the ground-water systems. Three ground-water basins (Qasis Valley,
Alkali Flat-Furnace Creek Ranch, and Ash Meadows) have been defined. A
map showing the availability of carbon-14 and hydrogen and oxygen isotopic
data was also compiled.

Computer techniques for designing and analyzing tracer experiments were de-
vised by J.R. Erickson. These experiments should provide estimates of
natural ground-water velocities, and, in conjunction with other well-test
data, a means for determining effective porosity. A series of these experi-
ments is being planned for the Yucca Mountain area.

A two-dimensional, finite-element, flow and transport code was developed by
R. K. Waddell that allows simulation of transport of members of sorbing

decay chains., Inventory of the radionuclides in the repository is calculated
with the Bateman equations (a simultaneous system of linear, homogeneous,
first-order, ordinary differential equations with constant coefficients).
Dissolution rate of the waste matrix may either be explicitly defined or
calculated as a first-order kinetic dissolution process.

Lithologic logs from wells in the Amargosa Desert are being compiled for

correlation with geophysical data and determination of most likely paths
of ground-water flow in the Amargosa Desert.
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The flood potential of Fortymile Wash and its tributaries draining

Yucca Mountain was evaluated by R, R. Squires and R.L. Young. Considered
in the analysis were floods that would be expected in 100-yr and 500-yr
recurrence intervals, and the maximum potential floods. In Fortymile
Wash, the maximum potential flood would stay confined within the wash
"canyon" in the Yucca Mountain area; depths of these floodwaters are
estimated to be about 5-8 m,

An investigation to map Pliocene and Pleistocene rocks and geomorphic surfaces
of the Ash Meadows quadrangle and vicinity, Amargosa Desert, was initiated
under the direction of Dr. R. L. Hay, University of California. Included in
the study area are widespread spring deposits and lakebeds, indicative of
hydrologic conditions different from those of modern times. Determining the
spring discharge and lacustrine history of the Amargosa Desert will contribute
significantly to our understanding of the regional paleohydrology.

A report entitled "Vegetation and Climates of the Last 45,000 Years in

the vicinity of the Nevada Test Site," by W. G. Spaulding, was prepared

in fulfillment of a University of Washington contract to the USGS and
approved for release as Open-File Report 83-535. It states that during
the glacial maximum (about 18,000 yr B.P.), the following conditions
prevailed in the region as compared to modern conditions: Average

winter and summer temperatures were both lower, resulting in an average
annual temperature about 6-7°C lower; summer precipitation was about 40-50
percent less, winter precipitation was about 60-70 percent greater, and
average annual precipitation was about 30-40 percent greater.

Reference
Waddell, R. K., 1982, Two-dimensional, steady-state model of ground-water

flow, Nevada Test Site and vicinity, Nevada-California: U.S. Geological
Survey Water-Resources Investigations Report 82-4085, 72 p.

Waste Isolation Pilot Plant, New Mexico

The DOE has been investigating an area about 45 km east of Carlsbad,

New Mexico, to determine its suitability as a site for the Waste Isolation
Pilot Plant (WIPP), a geologic repository for nuclear wastes generated by
defense activities. The geology and hydrology of the area have been studied
in cooperation with Sandia Laboratories to provide the DOE with information
on which to base an assessment of the site, particularly with respect to
geologic stability, long-term isolation of waste radionuclides, and the
potential for the hydrologic system to provide a barrier to radionuclide
transport. The potential host rock is bedded salt of the Salado Formation
of late Permian age.
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Hydrology
By Jerry W. Mercer, Albuquerque, N.M

Objective: To evaluate the hydrologic systems on a regional and site-
specific basis with regard to their potential for radionuclide transport.

Approach: Data are being acquired and assembled to define in detail the
ydrology of the WIPP site including its relationship to regional ground-
water systems. These data will be used to improve digital models simulating
ground-water flow and solute transport. The models will be needed to predict
rates and directions of movement of radioactive species and their concentra-
tions in ground water if they should be released from a repository.

Progress: The evaluation of the WIPP site hydrology on a regional scale was
compTeted and the regional interpretive report was submitted to DOE. Future
site-specific studies will be conducted by Sandia National Laboratories.

Reports

Dennehy, K.F., 1982, Results of hydrologic tests and water-chemistry analyses,
wells H-6A, H-6B, and H-6C at the proposed Waste Isolation Pilot Plant
site, southeastern New Mexico: U.S. Geological Survey Water Resources
Investigations Report 82-8, 68 p.

Dennehy, K.F., and Mercer, J.W., 1982, Results of hydrologic tests and
water-chemistry analyses, wells H-5A, H-5B, and H-5C at the proposed
Waste Isolation Pilot Plant site, southeastern New Mexico: U.S. Geological
Survey Water Resources Investigations Report 82-19, 83 p.

Mercer, J.W., 1983, The geohydrology of the proposed Waste Isolation Pilot

Plant site, Los Medanos area, southeastern New Mexico: U.S. Geological
Survey Water Resources Investigations Report 83-4016, 113 p.

Paradox Basin, Utah

The eastern Utah portion of the Paradox Basin is being explored by the DOE
through its contractor, the 0ffice of Nuclear Waste Isolation of Battelle
Memorial Institute, to locate a potential repository site. Geologic investi-
gations are being conducted by Woodward-Clyde Consultants and the U.S.
Geological Survey; the Utah Geological and Mineral Survey is reviewing the
mineral-resource potential of the area.
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Geology

By Robert J., Hite, Lakewood, Colo.

The initial investigations focused on Salt Valley, one of a series of north-
west trending diapiric salt anticlines along the northeast edge of the
Paradox Basin in southeast Utah. In fiscal year 1980, the investigations
were expanded to include study areas at Gibson Dome, Lisbon Valley, and

Elk Ridge (figs. 9 and 10). Efforts in fiscal year 1982 were focused on the
Gibson Dome study area.

Objective: To assist DOE and its contractors in the acquisition and interpre-
tation of basic geologic data from drill cores in the Paradox Basin area.

Approach:  The core is described and logged using visual and nondestructive
optical aids., Bromine content, insoluble residues, water content, gas
inclusions, hydrocarbon and kerogen contents, mineralogy and petrology of
the marker beds, and various physical properties are determined on samples
of the cores.

Progress: Weight percent organic carbon was determined for 60 samples from
the Gibson Dome test hole (G.D. No. 1) (fig. 10). Some black shales from the
Paradox evaporites containe? as much as 7.68 wt. percent carbon. Eleven
halite samples from Salt 6 / had organic carbon contents ranging from
0.05-0.51 percent which demdnstrates the organic-rich nature of the Paradox
halite relative to most other salt deposits. These samples are also being
analyzed by pyrolysis chromatography so that the amounts of hydrocarbons
generated by additional heating will be known,

Data were obtained Tor the purpose of estimating the oxidation-reduction
potential of: rocks above the salt in G.D., No. 1. These data were obtained
by visually estimating tge organic carbon content, percent of the rock
(redbeds only) where Fet® had been reduced to Fe+2, and noting the presence
of sulfide minerals. These data are being plotted as a redox log at the
same scale as the gamma-ray log.

A previously unknown white nodular mineral in the insoluble residues from
the carnallite zone in Salt 6 was determined to be the borate mineral
szaibelyite MgBO2(OH).

1/ stratigraphic nomenclature for the salt section in the Paradox Basin is
— described in Hite and Lohman (1973).
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Bromine distribution profiles have been finished for all halite beds in

G.D. No. 1 through Salt 17. Only one of these profiles shows any evidence

of solution and recrystallization of halite. Salt 10 has a 13-m-thick interval
of low bromine halite (60-85 ppm) at the top of the bed. The interval, which
is characterized by extremely coarse-grained halite, seems to be regional

in extent because it has been observed in other coreholes in the basin,

This suggests that the recrystallization was very early diagenetic and does

not represent local entry of meteoric water into the deposit.

A pure concentrate of carnallite was obtained from Salt 6 in G.D. No. 1 using
heavy liquid separation. This material will be used in an attempt at potassium-
calcium dating. In addition, wet chemical analysis will be performed for
rubidium and ammonia in solid solution. Ammonia release from carnallite as

a result of heating might possibly create problems in a repository constructed
beneath the carnallite marker in Salt 6.

The final run of water determinations for Salt 6 in G.D. No. 1 was made.
Carnallite-free halite ranged from 0.196 to 0.530 wt. percent H20 with an
average of 0,224 wt. percent, Samples from the carnallite marker ranged
from 0.575 to 2.148 wt, percent Hy0. These percentages, of course, include
some bound water as well as inclusion water,

Nodules of the rare earth borate mineral braitschite were identified in
cycle 5 interbed (overlies Salt 6). 1t does not appear that the mineral
occurs in sufficient quantity to be considered a rare-earth source.

Chemical analyses of the two potash deposits in the Gibson Dome core were
completed., The upper deposit (Cycle 13) is 1.51 m thick and averages 19.06
percent Ko0. This deposit consists of sylvite and halite. The lower deposit
is in Cycle 18 and also consists of halite and sylvite. This deposit consists
of an upper zone 1.19 m thick which averages 31.67 percent K20 and a lower zone
0.78 m thick which averages 21.71 percent K,0. These two zones are separated
by a barren interval (0.55 m thick) which contains a 0.11-m-thick layer of
anhydrite. The potash deposit in Cycle 18 is continuous over much of the
Gibson Dome-Rustler Dome-Lockhart Anticline area (fig. 10). Where this
deposit is at depths of less than 1,200 m, it constitutes a potential

economic source of potash. At the G.D. No. 1 location, the deposit is

too deep (>1,350 m) to be recovered by conventional shaft mining. The

potash deposit in Cycle 13 does not have sufficient thickness and grade

to constitute an economic deposit in this area.

The most recent published explanations of the origin of the Needles Fault
Zone (fig. 10) invoke gravity sliding of post-salt strata over the Paradox
evaporites (McGill and Stromquist, 1974). There is considerable evidence
to suggest that the arcuate trend of graben faulting may have developed

in response to a salt dissolution front which has moved southeast as much
as 10.5 km from the vicinity of the Colorado River where downcutting
exposed salt beds. Geomorphic relationships in the area suggest the
faulting may be quite young, and thus, the potential rate of dissolution

- 36 -



advance may he very rapid. Regardless of the initial cause of faulting,
there is little doubt that the fault system serves as a hydraulic connection
between the upper aquifer and the salt deposits of the Paradox Member.

Under such conditions, dissolution of salt would have to take place. It
would seem essential to determine if dissolution is taking place, and if

so, how long it will take to reach Davis Canyon (fig. 10).

N\
Report

Hite, R.J., 1982, Potash deposits in the Gibson Dome area, southeast Utah:
U.S. Geological Survey Open-File Report 82-1067.

Reference

Hite, R.J., and Lohman, S.W., 1973, Geologic appraisal of Paradox Basin
salt deposits for waste emplacement: U.S. Geological Survey Open-
File Report, 75 p.

McGill, G. E., and Stromquist, A. W., 1974, A model for graben formation by
subsurface flow; Canyonlands National Park, Utah: University of
Massachusetts, Department of Geology and Geography, Amherst,
Massachusetts, Contribution No. 15.

Quaternary Geology of the Fisher Valley Area, Utah
By Steven M. Colman and Fred F. Hawkins, Lakewood, Colo.

The geology of the Fisher Valley area, Utah, (figs. 9 and 11) relates to a
variety of factors that are significant in evaluating the potential of the
Paradox Basin for locating a waste repository., The salt diapir and the
contiquous Quaternary sediments in the Fisher Valley area provide the best
record of Quaternary salt deformation in the Paradox Basin; in addition, the
physical stratigraphy, buried soils, and fossil content of the Quaternary
sediments provide the most complete record of Quaternary environments and
climates in this region. Thus, the history of the Fisher Valley area has
important implications for radioactive waste disposal anywhere in the
Paradox Basin.

Objective: To determine the extent and timing of deformation of Quaternary
sediments and attendant drainage modifications in the Fisher Valley area and
the relation of this deformation to the adjacent salt diapir; to determine
the paleoclimatic and geomorphic significance of the physical stratigraphy,
buried soils, and fossil content of the Quaternary sediments; and to estimate
possible future climatic and geomorphic changes.
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Approach: The Quaternary geology of the area was mapped in detail,
TncTuding the measurement of stratigraphic sections, to determine the
pattern of deformation of the Quaternary sediments and the relation of

this deformation to the salt diapir. The sediments and soils in the section
were sampled for soils analysis, paleomagnetism, thermoluminescence, and
uranium-series analysis. These samples will provide chronologic, paleo-
environmental, and paleoclimatic information.

Progress: Most of the field work for the project has been completed including
Tield mapping of the Quaternary sediments in Fisher Valley and of the terraces
along the Colorado River in Professor Valley. Plane-table mapping of the ash
bed stratigraphic markers in Fisher Valley was completed at a scale of 1:6,000.
A preliminary map of the Fisher Valley and Professor Valley areas at a scale of
1:24,000 was completed (Colman and Hawkins, 1983). Detailed stratigraphic
sections of the Quaternary sediments and soils in Fisher Valley were measured,
and the soils of both Fisher and Professor Valleys were sampled. Grain-size,
carbonate content, and bulk-density analyses of the soils were completed and
the results compiled. The sediments in Fisher Valley were sampled and prepared
for amino-acid, thermoluminescence, uranium-trend, and radiocarbon analyses.
Also, samples were collected for paleomagnetic measurements. Preliminary
analyses of the paleomagnetic and amino-acid samples have produced encouraging
results, and these methods should prove useful for estimating the ages of the
sediments. Micropaleontological analyses of the sediments indicated that most
of the deposits are barren.

The results of this work suggest that both the Fisher Valley diapir and the
Cache Valley structure (a westward extension of the Fisher valley anticline)
have been active in Quaternary time and that major geomorphic changes have
occurred periodically in the Fisher Valley area.

The sediments in Fisher Valley apparently were deposited over a considerable
span of time, and probably record much of the Quaternary history and
environment of the area.

A report entitled "Late Cenozoic movement of the Onion Creek salt diapir,
southeastern Utah" was completed and is being reviewed.

Report
Colman, S.M. and Hawkins, F.F., 1983, Preliminary surficial geologic map of

the Fisher Valley - Professor Valley area, southeastern Utah:
U.S. Geological Survey Open-File Report 83-58.
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Hydrology
By William E. Wilson, Lakewood, Colo.

Objective: To determine the geologic and hydrologic relationships between

the bedded salt deposits and the regional ground- and surface-water flow
systems in the Paradox Basin of Utah and Colorado. The results are intended
to provide a regional hydrogeologic framework upon which to base more detailed
investigations of potential repository sites for high-level radioactive wastes.

Approach: Regional hydrogeologic reconnaissance studies were conducted,
primarily using available data and reports supplemented by data on existing
wells and measurements of the specific conductance of streams. Test drilling
and hydraulic testing were undertaken in Salt Valley near Moab, Utah,

Progress: In preparation are the following four reconnaissance reports that
describe the regional surface-water and ground-water hydrology of subareas
in the Paradox basin.

Ackerman, D.J., Hydrogeologic reconnaissance of the San Miguel River
Basin, southwestern Colorado.

Whitfield, M.S., Jr., Thordarson, William, Oatfield, W.J.,
Zimmerman, E.A., and Rueger, B.L., Regional hydrology of the
Blanding-Durango area, southern Paradox basin, Utah and Colorado.

Weir, J.E., Jr., Maxfield, E. B., and Hart, I.M., Reconnaissance of
the geohydrology of the Moab-Monticello area, western Paradox basin,
Grand and San Juan Counties, Utah.

Weir, J.E., Jr., Maxfield, E.B., and Zimmerman, E.A., Reconnaissance
hydrology of the Dolores River Basin, eastern Paradox basin, Colorado
and Utah,

The reports describe the regional characteristics of ground-water recharge,
discharge, and water quality for the two major aquifer systems. Also included
are flow and water-quality data for the major streams in the Paradox basin.

The upper aquifer-‘system overlies the salt and discharges to major streams
within the study area. It includes, from top to bottom, water-bearing units
in the following stratigraphic units: Dakota Sandstone (Cretaceous), Entrada
Sandstone (Jurassic), Navajo Sandstone (Jurassic and Triassic (?)), Wingate
Sandstone (Triassic), and Cutler Formation (Permian). The Tower system is

in the Mississippian Leadville Formation which does not crop out in the
Paradox Basin.
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Reports

Rush, F.E., Whitfield, M.S., Jr., and Hart, I.M., 1982, Regional
hydrology of the Green River-Moab area, northwestern Paradox basin,
Utah: U.S. Geological Survey Open-File Report 82-107.

Wollitz, L.E., Thordarson, William, Whitfield, M.S., Jr., and Weir, J.E., Jr.
1982, Results of hydraulic tests in the U.S. Department of Energy’s
wells DOE-4, 5, 6, 7, 8, and 9, Salt Valley, Grand County, Utah:

U.S. Geological Survey Open-File Report 82-346.

Geophysics

By Raymond D. Watts and F.H. Hildenbrand, Lakewood, Colo.,
and John H, Sass, Flagstaff, Ariz.

Objective: To use geophysical data to characterize and differentiate subsur-
face Tithologic types, structural configurations, and inhomogeneities in
areas of interest.

Approach:  Surface, airborne, drill-hole electromagnetic, gravity, and
temperature measurements are employed to obtain information on the geologic
structure and the presence or absence of significant amounts of ground water,

Progress: Electrical Methods--The project was completed. Data from 43
vertical electrical soundings were processed and interpreted, and a report
prepared (Watts, 1982).

The principal conclusions follow.

° Electrical conditions around the proposed repository location
at Davis Canyon (fig. 10) are very uniform, and show no indica-
tions of anomalous lithologic, hydrologic, or structural condi-
tions.

° A conductive zone was observed at approximately 14,000 m
elevation above mean sea level in the vicinity of Gibson Dome.
It is interpreted as a water table above the level of the Colorado
River,

° A conductive zone was observed at approximately 1,100 m elevation
above mean sea level in Lockhart Basin., It is interpreted as a
water table below the level of the Colorado River. The possibility
that water may flow from the Colorado river downward and eastward
beneath Lockhart Basin is contrary to generally accepted concepts
of flow in the hydrologic system for the area,
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° A region of complex electrical conditions was observed at Harts
Point. The causative structure is not known.

° Highly conductive zones were observed in the vicinity of the
Lockhart Basin. There are two plausible explanations:
(1) conductive brines resulting from dissolution of salt are
present in or near the shear zone, or (2) conductive clay is
present in the fault gouge. The extremely low interpreted
resistivities are more consistent with the presence of brines
than of clays.

Magnetic--A consistent magnetic data set was compiled. The anomaly maps of
seven surveys were digitized at the intersections of flight-line traces and
anomaly contour lines. The effects of the earth's ambient field were removed
from the resulting data sets to obtain residual magnetic field values. An
evaluation at 3,790 m above sea level was selected as the reduction datum
level. The data sets were then merged using one-dimensional splining techni-
ques, and a magnetic anomaly map was produced.

Gravity--A compilation of gravity data involved accessing a data bank and re-
trieving principal facts of 5,976 gravity stations between latitude 37° 15'
and 39° 00'N and longitude 108° 30' and 110° 45'W. A preliminary editing of
data from these stations was carried out, resulting in the elimination of
stations having obvious gravity errors.

Temperature Measurements--Temperature data were obtained to a depth of about
1,900 m (6,300 ft) in well G.D. No. 1, Gibson Dome. Identical continuous
temperature logs of the well were obtained in March 1981 and January 1982,
indicating that the well is in thermal equilibrium,

Thermal conductivities were measured on 15 specimens representative of
the major formations. These were used to calculate representative
conductivities for each gradient interval, using the lithologic log to
estimate the proportions of each rock in the intervals. The mean heat
flow, we1gh§ed according to the length of the depth interval sampled, is

67 £ 2 mWm~¢ if no anisotropy is assumed, and 65 * 3 if anisotropy is
assumed to account for the observed difference in conductivity in the xy
and xyz directions._ The mean observed heat flow from the Gibson Dome
well is 66 + 3 mWm=2. Detailed consideration of thermal regional conduc-
tivity structure may well reduce this value by about 10 percent.

Excursions in the gradient profile correlated very well with changes in
lithology. This was particularly apparent in the high-gradient "spikes"
in the profile within the Paradox Formation (approximately 900-1,600 m),
which correspond reasonably well to known shale and siltstone interbeds
within the section which is composed primarily of evaporites.
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Based on the internal consistency of heat-flow measurements in intervals
above and within the Paradox Formation (that is, to a depth of nearly 100 m),
vertical water movement with seepage velocities exceeding a few millimeters
per year within the well or formation can be ruled out. Curvature in the
temperature profile within the Pinkerton, Molas, and Leadville Formations

is consistent with vertical water movement either in the hole or formation
(or possibly with loss of drilling fluid), centered at about 1,780 m

(about 5,850 ft). Some additional core samples would allow calculations

of heat flow and help resolve the question of vertical water movement.

A report entitled "Thermal data from well G.D.-1, Gibson Dome, Paradox
Basin, Utah," by J.H. Sass, A.H. Lachenbruch, and E.P. Smith was prepared
and submitted for review.

Report

Watts, R.D., 1982, Application of deep dc electrical sounding surveys in
exploration of a possible repository site in salt, southwestern
United States, in Proceedings of a workshop on Geophysical
Investigations in connection with Geological Disposal of Radio-
active waste, Ottawa, Canada, September, 1982: Nuclear Energy
Agency, Organization for Economic Cooperation and Development
(OECD/NEA), Paris.

Gulf Coast Salt-Dome Region

North Louisiana
By G. N. Ryals, Alexandria, La.

The DOE is investigating the suitability of salt domes in the north Louisiana
salt-dome basin as potential sites for the disposal of radioactive wastes.
The Geological Survey, in cooperation with DOE, is studying the regional
hydrogeology of the area. The north Louisiana sa]E-dome basin includes all
or parts of 11 parishes, an area of about 7,800 km® (figs. 12 and 13). The
basin is a structural depression bounded on the west by the Sabine uplift

and on the northeast by the Monroe uplift. The strata of principal concern
to this study are of Late Cretaceous and Tertiary age, dip generally southeast,
and are less than 900 m below land surface. Hosman (1978) described the
general geohydrology of the area based on available data and discussed the
need for additional data and studies.

Objective: To describe the regional geohydrology and define the ground-water
TTow system of the north Louisiana salt-dome basin with particular attention
to the potential for transport of radionuclides from a repository in a salt
dome.
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Figure 13.--Location of salt domes and fiscal year 1980 test-drilling sites,
Bienville and Webster Parishes, Louisiana.
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Approach: Construct a regional, three-dimensional digital model that will
simuTate flow in the multilayered ground-water system to depths of 900 m or
more., The deepest water-bearing unit to be modeled is the Nacatoch Sand of
Late Cretaceous age. Other principal units in the model will be the Wilcox
Group, undivided, of Paleocene and Eocene age, and the Carrizo Sand, Sparta
Sand, and Cockfield Formation of Eocene age.

A series of 17 regional geohydrologic maps depicting specific geologic and
hydrologic properties of the aquifers and confining beds, needed for input

to the model, has been completed. Other maps necessary for model input cannot
be made without data from a regional test-drilling program.

Progress: A series of reports, Parts I, II, I1I, and IV (see Reports), on
the regional geohydrology of the northern Louisiana salt-dome basin was
completed. In addition, analysis of geohydrologic data from the fiscal
year 1980 test-drilling program continued. The Part 1 report presents

the regional geohydrologic framework and data needs, as well as data from
the drilling program. Part II presents gecohydrologic maps of the Tertiary
aquifers and related confining beds; Part III, potentiometric levels of the
Wilcox-Carrizo and Sparta aquifers; and Part IV, hydraulic characteristics
of the Wilcox-Carrizo aquifer.

Progress toward the Geological Survey goal of developing a regional ground-
water flow model has been delayed because needed data have not been available.
The test-drilling program in fiscal year 1980 provided only a small part of
the data needed to develop a regional model.

Reports

Ryals, G.N., 1982, Regional gechydrology of the northern Louisiana salt-dome
basin, part I, conceptual model and data needs: U.S. Geological Survey
Open-File Report 82-343.

1983, Regional geohydrology of the northern Louisiana salt-dome basin,
part II, geohydrologic maps of the Tertiary aquifers and related confin-
ing beds: U.S. Geological Survey Water-Resources Investigations Report
83-4135,

1983, Regional geohydrology of the northern Louisiana salt-dome
T basin, Part III, potentiometric levels of the Wilcox-Carrizo and
Sparta aquifers: U.S. Geological Survey Water-Resources Investigations
Report 83-4131.

1983, Regional geohydrology of the northern Louisiana salt-dome basin,

Part IV, hydraulic characteristics of the Wilcox-Carrizo aquifer:
U.S. Geological Survey Water-Resources Investigations Report 83-4132.
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Mississippi
By C.B. Bentley, Jackson, Miss,

The DOE is conducting investigations in the Mississippi interior salt-dome
basin to determine the suitability of salt domes as potential sites for the
disposal of radioactive wastes. Knowledge of the geohydrology of the basin,
especially of the ground-water-flow regimes peculiar to the 50 piercement-type
salt domes within the basin, is very limited. Three domes in Mississippi are
among those that were selected by the DOE for consideration in identifying a
potential waste repository site. Cypress Creek, Lampton, and Richton domes
(fig. 14) are among eight in the Gulf Interior Region of Louisiana, Mississippi,
and Texas that the DOE evaluated on the basis of minimum geologic, hydrologic,
environmental, and socioeconomic criteria for a waste repository. The domes
intrude most of the Tertiary section, and the caprock of each occurs at a
Miocene horizon. The Tertiary section is composed predominantly of sands and
clays with minor units of marl and limestone. Regional dip is approximately
6m/km to the south-southwest. The Geological Survey, in cooperation with the
DOE, is studying the regional ground-water hydrology of the basin and the
local ground-water hydrology near each of the domes.

Objective: To describe the ground-water hydrology of the salt-dome basin,
with emphasis on determining rates and directions of water movement.

Approach: A drilling, testing, and sampling program was conducted in 1980-81
to gather data to describe the geologic and hydrologic conditions of a region
within the basin that includes Cypress Creek, Lampton, and Richton domes.
Future investigations may be focused on a yet smaller area close to one or
more of these domes.

Progress: A preliminary report on the gechydrology of the area of Cypress
Creek and Richton salt domes was prepared and was in review at the end of
the year. The report summarized the results of the investigation and
outlined needs for future investigations in the area. MNo field work was
conducted.
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GENERIC RESEARCH

The research described below is concerned with the properties of selected
geohydrologic environments and rock types that may be suitable for the
emplacement of high-level and transuranic wastes, how they may be explored
and characterized, and how various geologic and hydrologic processes may
affect the integrity of a repository.

As areas are identified where waste-disposal sites might be located, some
of this research will become more site specific because generic studies
must inevitably give way to detailed characterization of sites, However,
much of the research will continue to have general applications to many
geographic localities as well as to national needs other than disposal

of radioactive wastes.

Studies of Rock Types and Environments for Emplacing Waste

Western Cretaceous Shales

By C.E. Neuzil, Reston, Va., and T.C, Nichols, Lakewood, Colo,

Owing to their relatively low permeability, the thick, extensive Cretaceous
shales in the western United States serve as important confining layers for
associated aquifers. There is also the possibility that their low permeability
would make them useful for the disposal of radioactive wastes and other toxic
materials.,

A number of questions must be answered before the Cretaceous shales could be
considered seriously as a site for a waste repository. Among these are:

(1) What is the nature of ground-water flow in the shales and how
much leakage occurs through them?

(2) If fracture leakage is important, what is the distribution,
geometry, and aperture size of the fractures? Are they densely spaced
and small, or widely spaced and relatively large?

(3) What are the geotechnical problems associated with emplacing
hot radioactive wastes in these highly montmorillonitic shales?

(4) Would high temperatures, resulting from the emplacement of

high-level radioactive wastes, cause phase changes, the release of
water, and changes in the physical properties of the shales?
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Objective: The overall objective is to evaluate the geohydrologic and
geotechnical behavior of the Cretaceous shales of the western United States
with reference to their potential for isolating high-level radioactive
wastes and other toxic materials. This will first require gaining an
understanding of the behavior and properties of the shales under natural

or undisturbed conditions. Secondly, the effects of disturbances caused

by mining or excavation, and waste emplacement must be evaluated.

Approach: The approach will involved completing a regional aquifer-confining
Tayer tlow simulation as a basis for studying flow in the Cretaceous shales.
Concurrently, core drilling and in situ testing will be done to obtain
laboratory and field data on the hydraulic properties of the shale. Field
measurements will also be made to obtain geotechnical data including state

of stress and physical rock properties. Laboratory tests on the cores will

be used to obtain hydraulic and geotechnical data under controlled conditions.
Shallow (less than 200 m) test holes will be drilled to sample as much of the
Cretaceous shale sequence as possible,

The mechanical effects on the shale of emplacing hot wastes will be analyzed
by model studies. This will include developing a viscoelastic model for
deformation., Laboratory testing will be required to provide the physical
property data needed to support the model analysis. Based upon rock
displacements calculated from this analysis, calculations will be made of
the probability of producing joints and fractures which would change the
virgin permeability values.

Progress: Hydrogeologic studies--A comprehensive study of the aquifer-
‘contining layer system in South Dakota (Bredehoeft, Neuzil, and Milly, 1983),
presents extensive determinations of hydraulic conductivity and specific
storage for the Cretaceous shales. The data show that (1) local hydraulic
conductivity of the shale ranges from 3x10-11 m/s to 2x10-14 m/s, decreasing
with depth, (2) regional hydraulic conductivity at equivalent depths is 10 to
1,000 times larger and ranges from 5x10-12 m/s to 2x10-9 m/s, and (3) the
specific storage is approximately 3x10-5 m-1, The hydraulic conductivity
data suggest that fracture leakage in the shales is important. This aspect
of the problem is considered in Leakage and fracture permeability in the
Cretaceous shales confining the Dakota Aquifer in South Dakota, by C.E.
NeuziTl, J.D. Bredehoeft, and R.G. Wolff. This paper, to be published in

the Proceedings of the First Annual C.V. Theis Symposium by the National
Water Well Association, develops the relation between fracture size and
spacing in the shales in South Dakota, and discusses the evidence for the
likely average spacing, which suggests a value on the order of 102 to 103 m,

Field investigations were carried out during the 1982 field season, involving
drilling, coring, and hydraulic testing in the boreholes. A new approach

was used to measure undisturbed pore pressure at depth in the shale; it in-
volved permanent emplacement of transducers in a horehole backfilled with a
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shale slurry. Results of this test, which suggest the occurrence of abnormally
Tow pressures in the shale, are presented by Neuzil and Pollock (1983) together
with a hypothetical mechanism for pore-pressure lowering. The data suggest
that when the rock hydraulic diffusivity is small (as in the shales) erosional
unloading can cause lowered pore pressures and possibly desaturation. The
results are particularly interesting from a waste isolation point of view

since long-~term ground-water flow into the “tight" formation can result.

Cores will be used for laboratory permeability tests, mechanical tests (see
section on Geotechnical studies), and tests which will aid in the interpre-

tation of a suite of geophysical logs of the corehole.

Slug tests were conducted to determine permeability, but the tests failed

to provide useful data because of a small leak in the test system. Hydraulic
fracturing tests were run to estimate the state of stress, but the results
were difficult to interpret.

Geotechnical studies--Essential to determining the feasibility of placing a
waste repository in a Cretaceous clay-shale deposit, is a knowledge of the

in situ material properties and geologic framework of the shale. The
following evaluation of clay-shale properties is based on field and laboratory
data obtained from the Pierre Shale at two upland plateau locations near
Hayes, South Dakota, one on a divide and the other in an actively eroding
drainage depression approximately 20 m lower than the other. These

locations, although about 5 km apart, yielded data for approximately the

same stratigraphic section of the Pierre Shale.

Investigations to depths of 183 m show the shale to be a fairly uniform,
low-shear-strength, low-modulus, anisotropic rock mass, consisting mostly
(60-100 percent) of dominantly mixed-layer, smectitic clays, and that it is
totally saturated and partially underpressured. The shear strength is much
lower in the direction of the bedding (approximately horizontal) than normal
to the bedding.

The shale section in the lower actively eroding area had slightly different
mineralogic characteristics than at the higher divide location. At the lower
location, the shale consistently had a higher total clay content with more
mixed-layer smectite that resulted in higher moisture content and a lower
rock density. The thickness of the weathered zone at the lower location was
much smaller than at the higher location even though the base of weathering
occurred at nearly the same elevation at both locations. The deepest
weathering on the divide location was about 20 m.

Locally, discrete natural fractures occur sporadically to the depths investi-
gated, but they are very small, tight, randomly oriented, and mostly with
well-developed slickensides. At present, there is no evidence to suggest
that the fractures observed significantly affect the generally low permeabil-
ity of the shale on a large scale. At the divide location, three fracture
zones were present in which multiple fractures and brecciation were observed.
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In each of these zones (up to 2 m thick), there was no significant gouge
development and no free water, The breccia fragments were essentially the
same as the undisturbed shale, showing no alteration or recrystallization

and being 100 percent saturated. Based on drilling observations and labora-
tory data, it was concluded that the zones are not hydraulically transmissive,
The zones have very low apparent dips and no lateral displacements nor
well-developed thicknesses of gouge that would indicate significant faulting.
The deepest brecciated zone was at a depth of about 90 m. No obvious normal
faulting was observed such as the gravity faulting reported at the Oahe dam-
site, 45 km to the east (Underwood and others, 1964) in the Missouri River
trench. These observations along with known low-shear strengths parallel

to bedding (Fleming and others, 1970) and the in situ shear stress values
determined above and below the breccia zones indicate the possibility that
the brecciation may be a consequence of rebound deformation that resulted
from erosional unloading.

The in situ state of stress in the shale, measured with a Menard pressure-
meter, appears to be nearly lithostatic, equal to the weight of the overlying
rock (Woodward Clyde Consultants, 1982). The maximum ratio of average hori-
zontal to vertical stress, Kg, was 1.3 and the minimum was 0.90. The Kqo
values tended to decrease with depth but, nonetheless, indicated nearly
equal horizontal to vertical components. As expected, the measurements

also showed the shale to be highly overconsolidated near the surface with
decreasing overconsolidation occurring at depth. The overconsolidation
ratio (OCR) at 23 m was 11, and it decreased to 3.5 at a depth of 170 m.

The bulk density in the fracture zones decreased approximately 0.10 g/cc,

Ko dropped from 1.3 to 1.0, and the OCR changed from 5.3 to 4.0 indicating

a relaxation and change of properties of the shale that may be related to
the removal of overburden by erosion,

The measured thermal properties of the shale are quite variable depending

on whether it is in the natural state or desiccated. At a constant pressure,
the values of coefficient of thermal expansion (a) and specific heat (s)
change significantly with changes of temperature and the degree of saturation.
In the saturated shale, o values are approximately the same as those of

water and, like water, increase in a nonlinear manner with temperature. In
the desiccated state, o values increase linearly with temperature and

are very small, smaller than those of many metals. On the other hand,

values of s increase during desiccation but decrease again in the final

stages of desiccation,

Values of s for the desiccated material appear to be linearly dependent on
temperature change. The average conductivity (K) and thermal gradient were
measured only in the saturated state (Sass and Galanis, 1983), but more

than likely also change with desiccation and temperature. The mechanical
anisotropy does not appear to influence the thermal conductivity significantly.
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The creep properties determined upon loading and unloading can be significant.
The maximum creep occurred in shale sections that appeared to be the most
relaxed, that is, where the density was relatively low and the shale had

the highest water content.

Maximum measured creep in 48 hours, about 1.73 percent, was caused by
unloading, Savage (1982) applied the theory of three-dimensional
consolidation to experimental, hydrostatic, consolidation data on the Pierre
Shale in an attempt to model time-dependent deformation of the shale, An
effort will be made to check the applicability of this model to field creep
tests.

In addition to the above, the following laboratory investigations are
continuing:

(1) Constant-strain-rate tests at 10~5 to 10-8 per second; temperature
to 200°C; and pressures to 50 MPa. Includes studies of resulting mineralogic
changes.,

(2) One-dimensional consolidation tests.

(3) 018/016 and deuterium determinations in pore water, and pore-
water chemistry.

(4) Study of chemical osmosis and its consequences on effective
stresses and pore-fluid potentials.

(5) Pore-pressure studies in cores.

(6) Directional thermal properties.

Reports

Bredehoeft, J.D., Neuzil, C.E., and Milly, P.C.D., 1983, Regional flow in
the Dakota aquifer--A study of the role of confining layers:
U.S. Geological Survey Water-Supply Paper 2237 (in press).

Neuzil, C.E., and Pollock, D.W., 1983, Erosional unloading and fluid
pressures in hydraulically "tight" rocks: Journal of Geology,
V. 91, no., 2, p. 179-193.

Sass, J.H., and Galanis, P.S. Jr., 1983, Temperatures, thermal conductivity,
and heat flow from a well in Pierre Shale near Hayes, South Dakota:
U.S. Geological Survey Open-File Report 83-25, 10 p.

Savage, W.Z., 1982, A model for hydrostatic consolidation of Pierre Shale:
U.S. Geological Survey Open-File Report 82-1058, 32 p.
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Water Flux in the Unsaturated Zones of Deserts
By Jacob Rubin, Menlo Park, Calif.

The unsaturated zone in deserts is one of the barriers to the movement of
radioactive solutes which could be utilized in connection with designing
repositories for high-level radioactive wastes. In order to predict the
effectiveness of such a barrier, one should be able to estimate the prevailing
long-term water fluxes at considerable depths for a specific location. Field
data on fluxes of this type are extremely scarce.

Soil-water conditions in the uppermost (root zone) layers of arid, unsaturated
zones are known to fluctuate widely with time. Theoretical considerations
show that the effects of these fluctuations are transmitted downward but are
rapidly attenuated with depth. As a result, at sufficient depths, near
steady-state water fluxes may exist in unsaturated zones. Such fluxes reflect
long-term trends. By studying profiles of selected water properties at
appropriate depths in the unsaturated zone, it should be possible to find
indications of whether an approximate steady state exists, and to measure

the extant water fluxes.

Objective: To determine long-term averages of the downward water fluxes
in the unsaturated zone for several types of desert conditions.

Approach: The approach involves studying water conditions in the unsaturated
zone, with particular attention to determining sampling depths at which water
fluxes are apt to reflect long-term trends. Using pressure-head and hydraulic-
conductivity data, existing water fluxes will be computed from which estimates
of long-term flux trends will be extracted. These estimates will be compared
with analyses based on isotopic data and with simulation based predictions.
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Progress: To evaluate long-term, average, downward water fluxes and obtain
representative values for areally extensive unsaturated zones, a rapid,
steady-flow method, which was developed earlier, for determining hydraulic
conductivities of unsaturated, relatively dry sediment cores is being tested.

A series of tests of the method, using repacked, precompacted, unsaturated
cores of a coarse-textured soil (0Oakley sand), were completed. The lowest
conductivities measured to date are 3.6 x 10~-S cm/s. These corresponded to
23.8 percent of soil saturation and soil water suction of 200 cm of water.
To date, tests of the method using a fine-textured soil (Aiken Clay loam)
have produced unrealistic water-content conditions.

Theoretical analysis has revealed that with the current size of the core
holder, there may be significant transverse differences in water fluxes
(and water contents) within the core during the steady-flow test. If this
were the case, the previously measured fluxes would have been averages
(rather than unique values). A series of experiments is being conducted
to find out whether this is the case. Preliminary results suggest that
there are no significant differences between fluxes within the soil core.
More accurate tests, requiring changes in the design of the core.holder,
are now being implemented.

Plutonic Rocks of the Southeastern United States
By N.J. Trask and G.W. Leo, Reston, Va.

Crystalline rocks, including plutonic rocks, have been considered as potential
host rocks for high-level radioactive waste repositories since 1955 because of
their high strength and generally low permeability (National Academy of
Sciences, 1957). Several countries including the United States, Canada,
Sweden, France, the United Kingdom, and Switzerland are evaluating crystal-
line rocks and their surrounding terranes for suitability as host media for
repositories.,

In fiscal year 1982, the Department of Energy conducted regional literature
surveys of crystalline rocks in the Northeast, North Central and Southeast
Regions. Studies of specific rock masses, designed to collect data of rele-
vance for high-level radioactive waste repositories, will be conducted during
later phases of the DOE program. There are numerous crystalline rock masses
with different ages and properties throughout the three regions under consid-
eration, However, no one has developed a set of earth-science criteria for
selecting the ones that are most suitable as host media.

Objective: To obtain an understanding of the basic field relations of repre-
sentative plutonic rocks of the Southeast as related to radioactive waste
disposal. To suggest criteria for evaluating such bodies as host media and
participate with the DOE in initial planning and review of the screening
process to select those that are most suitable.
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Approach: Reconnaissance field investigations will be conducted of represen-
tative plutonic rock masses in the southeast Piedmont where the USGS has
numerous working relationships with lTocal earth scientists. Comparisons of
fracture density, internal structure, age and relationship to potential

host rocks will be made.

Meetings and workshops with the Department of Energy and with other investi-
gators of crystalline rocks will be conducted and (or) attended as a means
of arriving at useful criteria for screening.

Progress: Fifteen late-syn-metamorphic and post-metamorphic plutons in the
sou%ﬁeast Piedmont were examined in reconnaissance fashion, The outcrops
examined are not highly fractured, Most have an average density of frac-
tures of 0.3/m and a maximum density of 4/m when the abundance of fractures
is plotted according to the method of Thorpe (1979). Outcrops of some
plutons have lower fracture densities than this, but the number of fractures
is too small for meaningful measurements. There are no systematic differences
in fracture density with pluton age or fracture orientation. The outcrops
examined represent at most only 1 percent of the surface area of the plutons
and may not be representative. However, the densities of fractures measured
by a borehole televiewer in two holes in the Winnsboro complex, South
Carolina {Zoback and Hickman, 1982) are comparable to the densities of near
vertical fractures measured in surface outcrops of the pluton. It is also
noteworthy that one Targe pluton with very few fractures in surface exposures
has been extensively quarried and there are virtually no fractures in any of
several quarries over an area of some tens of square kilometers.

The Cedar Rock pluton in the Inner Piedmont of southwest Georgia has been
mapped recently in detail by Higgins and Atkins (1982). It is well-foliated
in places and the foliation has been contorted into intricate folds in some
outcrops. Despite this complicated internal structure, the pluton displays
remarkably few fractures. Studies of this pluton were started. Samples
were collected for isotopic and chemical studies, and studies of the few
existing fractures were begun.

At a workshop sponsored by the Office of Nuclear Waste Isolation of Battelle
Memorial Institute provisional criteria were developed for screening the
crystalline rocks of the Southeast, much along the lines suggested by

Trask (1982).

Reports

Trask, N.J., 1982, Status of knowledge and proposed future work in the
plutons of the Piedmont of the Southeastern United States for
waste repository siting (Abs.): Paper presented at Workshop in

Exploration Methods and Screening Criteria for Crystalline Rock
Studies, Office of Nuclear Waste Isolation, Battelle Memorial

Institute, Columbus, Ohio, April 13, 14, 1982.
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Uranium Distribution in Igneous Rocks
By Robert A. Zielinski, Lakewood, Colo.

As investigations of waste-disposal sites in igneous rocks become more
specific, geochemical studies will provide useful information on which to
base judgments of site suitability. Studies of the distribution and mobility
of naturally occurring uranium can be particularly informative because
uranium is readily mobilized during the interaction of rocks with oxidizing
water and because indications of uranium movement can be integrated with
isotopic measurements that provide estimates of the timing of such movement,
Observations of naturally "redistributed" uranium can also help to predict
pathways and geochemical traps for uranium that is introduced by man into

the same environment.

Objective: To identify the major sites of redistributed uranium in igneous

rocks and to attempt to relate the relative amount of redistributed uranium

to other measurable properties of the host rocks that influence radionuclide
mobility,

Approach: Fission-track radiography of polished thin sections is used to
identiTy mineralogical hosts of uranium. Redistributed uranium is identified
by its association with secondary alteration products such as calcite, clay,
zeolite, opal, or secondary oxides of iron and manganese. The amount of
redistributed uranium is estimated by leaching of crushed, sized rock powders
at 25°C with a mild acid-reducing solvent [1 M NHoOHsHC1 + 25% (V/V)

CH3COOH, pH =2] that selectively dissolves manganese oxides and calcite

hosts and that removes weakly adsorbed uranium from mineral surfaces (Chester
and Hughes, 1967). The relative amounts of leachable U, Mn, and Ca are
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related to rock properties such as differences in the degree of welding,
fracturing, devitrification or alteration, and to the degree of isotopic
equilibrium between chemical and radiometric (radium-equivalent) uranium
(RaeU); the latter determined by gamma-ray spectroscropy.

Progress: Forty-one core samples of Tertiary rhyolitic ash-flow tuff
exhibiting varying degrees of welding, fracturing, devitrification or
alteration were obtained from drill hole USW-Gl at Yucca Mountain, Nevada
Test Site (fig. 5). Six Tithologic units were sampled, four of which contain
intervals of moderately-to-densely welded, devitrified, relatively unaltered
ash-flow tuff, the potential host for the high-level radioactive waste.

Radiographic measurements of this group of samples indicate a common spatial
association of uranium with secondary oxides of iron and manganese that fill
microfractures and coat grains. Nonwelded, highly altered tuffs clearly
contain more evidence of redistributed uranium because of a greater abundance
of secondary iron and manganese oxides. In other samples, secondary oxides
are too sparse and their distribution too irregular to allow quantitative
ranking on the basis of thin-section observations.

The association of uranium and manganese oxides is supported by covariance

of dissolved uranium and manganese in leachates. The leaching procedure also
produces the expected order of leachability, i.e., nonwelded, altered tuffs >
welded tuff > vitrophyre. The precision of the leaching procedure was esti-
mated from duplicate measurements of fresh sample splits and analytical
variation is generally small compared with the observed differences in leach-
ability that occur within and between lithologic units.

The leaching results provide a relative ranking of similarly welded intervals
from different lithologic units, The moderately-to-densely welded Topopah
Spring Member of the Paintbrush Tuff shows the least evidence for incipient
formation of manganese oxides and calcite and for uranium redistribution; a
finding that is consistent with its location above the present static water
level. Similarly welded intervals from more deeply buried rhyolitic units
such as the Bullfrog Member and Tram units of the Crater Flat Tuff contain
approximately twice the amount of Teachable U and Mn in the Topopah Spring
Member of the Paintbrush Tuff. In general, the relative abundance of
manganese oxides and calcite, inferred from leaching of competent welded
tuffs, mimics their observed relative abundance in macroscopically fractured
intervals of the same tuff unit., For the entire subset of 21 samples of

the most welded tuffs, respective leached amounts of Ca, Mn, and U average
18.3, 33.5, and 4.1 percent of the amount present.

In spite of differences in the amount of incipient alteration and of adsorbed
(?) uranium, agreement of actual uranium concentrations with radiometric
uranium concentrations (RaeU) in whole-rock samples indicates dominant
closed-system behavior of uranium and its long-lived daughters and suggests
that the extent of recent (<300,000 yr) uranium movement on the scale of a
whole rock sample is minor or dominantly intergranular. Thus, the present
physical-chemical environment of the studied rocks appears to restrict
uranium mobility.
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Methods for Characterizing Environments for Emplacing Wastes

Identification of suitable repository sites requires that a body of rock and
its local and regional geologic and hydrologic environment be well understood
and characterized as to its physical and chemical properties and the potential
for disrupting the containment properties of the environment by future geo-
logic events or processes. At the same time, the characterization must be
done with a minimum number of penetrations by drill holes and shafts. For
some of this characterization, existing techniques are adequate or can be
modified to provide the needed information. For other aspects, some new
geophysical and geochemical techniques are being developed which can make

the task easier, give more accurate results, or provide desirable information
that is unobtainable at present.

In many respects geophysical studies of possible repository sites involve an
unconventional use of geophysics. Usually geophysicists look for faults,
hydrothermal alteration, secondary minerals, and other anomalies, rather
than for the absence of such features. The research described below is
aimed at better defining the capabilities and limitations of existing
methods and improving these methods for the specific needs of the waste-
isolation program. All geophysical techniques need to be assessed further
and improved from the point of view of distinguishing from normal background
variations, fine-scale inhomogeneities that may be of concern in evaluating
the waste-isolation properties of the site.

The research in geochemistry involves the improvement of existing methods
and development of new methods of isotopic dating of rocks, soils and
minerals.

High Frequency Electromagnetic Methods
By David L. Wright, Lakewood, Colo.

Inhomogeneities and structural flaws in a rock mass are potential problems
for its use as a host medium for radioactive wastes. Radio waves seem to
of fer a good means of finding such features. Unfortunately, radio probing
of rock, at present, is comparable in its stage of development to seismic
prospecting in the 1940's and 50's: some basic capabilities exist, but
considerable improvement is needed in 1) instrumentation, 2) understanding
of wave-propagation phenomena, and 3) interpretive tools and techniques.
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Electrical properties of rocks are very strongly affected by the water in

the rocks. Low porosity, unfractured rocks contain very little water and
are quite resistive; porous rocks that contain more water are less resistive,
Thus, a rock's electrical resistivity may be, in a gross way, proportional

to its suitability as a host medium for wastes. Dry rock salt and granite
are known to be excellent media for radio-wave probing. There is at present
a lack of data on radio-wave propagation including absorption and scattering
in various rock types. Because propagation involves bulk variations in the
rocks, laboratory measurements are not entirely adequate.

To be useful in the early stages of repository exploration, radar must be
functional from boreholes; mined openings will not be initially available

for radio probing activities. Use of boreholes introduces many practical
problems for radar work, such as the effects of the borehole fluids on antenna
performance and interactions between the logging cable and the antennas.

Objective: To determine the capabilities and limitations of high frequency
electromagnetic techniques for evaluating the homogeneity and continuity of
granite, salt, and other low conductivity media, to develop and field-test
prototype equipment, and to develop or enhance interpretive techniques.

Approach: Both theoretical analysis and experimental scale-model studies

are being applied to answer some questions regarding propagation and antenna
behavior in fluid-filled boreholes, particularly if the fluid is a highly
conductive one like saturated brine, In order that an actual borehole

radar might be tested and made available, along with other geophysical methods
for site characterization, a full-scale prototype borehole radar system is
being developed. Finally, data-acquisition and data-processing techniques

are being developed appropriate to borehole radars.

Progress: Successful detection of an air-filled tunnel in mineralized granite
was achieved by the USGS prototype monopulse borehole radar system. This
demonstrates the ability of the radar to detect inhomogeneities in the dielec-
tric properties of rock as predicted by theoretical calculation.

An important improvement to the radar itself was made by the addition of
electronic gain switching. The radar operator can now set and change gains
while the radar is operating, permitting rapid adjustment of the system to
a wide variety of borehole situations.

Significant progress was also made in the area of digital processing for radar
data enhancement. A number of time-domain techniques such as stacking, nor-
malizing, time-weighting, and average removal were used to enhance returns
from geologic structures of interest when the desired signals are obscured

by external or system-generated noise. Frequency domain filtering was also
used and was quite successful in suppressing system-generated oscillations,
allowing the desired data to be clearly observed.
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the Nuclear Energy Agency of the Organization for Economic Cooperation and
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Borehole Geophysical Logging

By W. Scott Keys, Frederick L. Paillet, and Ulrich Schimschal,

Lakewood, Colo.

Test drilling is essential for the investigation of potential host rock types
and sites for the disposal of radioactive waste, and wells must be drilled

at operating sites to monitor the movement of artificial radioisotopes.
Borehole geophysical logging not only provides a synergistic suite of mea-
surements to aid in the evaluation of sites, but these measurements permit
the lateral and vertical extrapolation of data from hydrologic tests and

core analyses. Borehole geophysical logging may also provide data on the
location, orientation, and width of fractures which can be useful in deter-
mining their capability to transmit fluids. Gamma spectrometry in monitoring
wells permits the identification and semiquantitative analysis of migrating
radioisotopes behind well casings where sampling may be difficult or impos-
sible.

Objective: The objective is to develop specialized well-logging equipment
and Tog-interpretation techniques for application to the unique problems
and conditions encountered in geohydrologic investigations of existing and
potential sites for the disposal of radioactive waste.

Approach: The research is divided into borehole geophysical techniques for
characterizing potential disposal sites and those techniques useful for moni-
toring waste migrating with ground water at existing sites. Site character-
jzation methods include acoustic, nuclear, and resistivity logging that can
provide data on the properties of rocks related to ground-water movement

and solute transport. Temperature, fluid conductivity, and flowmeter
logging can be used to analyze the spatial distribution of permeability

when the system is hydraulically stressed. Special attention is focused on
methods that provide information on fractures because they constitute a
significant problem in evaluating fluid transfer conditions at proposed
sites. The geophysical data are digitized in the field and computer methods
are used for collation and interpretation in order to maximize the cost-
benefit ratio.

Site monitoring techniques available for use in boreholes include gamma spec-
trometry, neutron activation, and temperature and fluid-quality logging. A1l
of these can provide real-time data on the vertical and horizontal distribution
of certain types of waste without sampling.
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Progress: Research on borehole geophysical logs and hydrologic tests to char-
acterize crystalline rocks for nuclear waste storage at two sites in Canada
has been summarized (Davison, Keys, and Paillet, 1982). The work was carried
out at Whiteshell Nuclear Research Establishment, Manitoba, and Chalk River
Nuclear Laboratory, Ontario. The geophysical logs that are particularly
useful to characterize rock type, alteration, and the location and character
of fractures are the acoustic televiewer, acoustic waveform, acoustic
velocity, neutron, gamma, resistivity, temperature, and caliper. In

situ hydraulic tests of single fractures or fracture zones isolated by
packers provided quantitative information on permeability, extent, and inter-
connection. The computer analysis of digitized acoustic waveforms has
identified part of the waveform that has amplitude variations related to
permeabilities measured in the boreholes by packer tests, Under specified
conditions, the geophysical and hydrologic methods described in this report
can largely substitute for continuous coring.

A report entitled, "Acoustic characterization of fracture permeability at
Chalk River, Ontario," by F.L. Paillet, was accepted for publication by the
Canadian Geotechnical Journal,

A large number of geophysical logs were made at the Underground Research
Laboratory (URL) in Manitoba, Canada. Four deep, continuously cored holes
and seven drill holes have been logged to date, and analysis of these logs
has started. A large amount of core data and hydrologic test data will be
available in the future, and mining of the underground chamber will begin
in January 1984, This will provide direct access to part of the rock being
investigated by geophysical logs.

Preliminary analysis of URL logs indicates that the compensated neutron po-
rosity sonde will be effective for logging in crystalline rocks, and that a
three-curie source can be used in such rocks instead of the much larger source
required by design calculations. The standoff detectors on this sonde pro-
vide high-resolution fracture data. It appears that depletion and enrichment
of uranium has taken place along some permeable fractures at the site and

may provide a guide to such fractures.

Frederick L. Paillet has completed tests of the theory for acoustic propaga-
tion in shales using data from a site near Fort Pierre, South Dakota. The
recorded waveforms for observed, trapped-fluid modes, and those predicted
from theory, are almost the same. Tests have been carried out at three
different frequencies and at various times after filling the holes with
water. Acoustic velocity decreases with hydration, and it was possible to
identify bentonite beds and fractures from the acoustic waveforms recorded
in one hole.

Frederick L, Paillet prepared a report entitled, "A comprehensive theory
for the interpretation of compressional and shear head waves in boreholes,”
which is to be published in the Bulletin of the Seismological Society of
America.
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Renee Kierstein has developed programs for both the computer and programmable
pocket calculator to correct the orientation of fractures or other planar
surfaces logged with the acoustic televiewer. Corrections are made for
deviation of the hole from vertical and for the effect of the vertical
component of the earth's magnetic field on the tilted magnetometer. Test
results suggest that fracture orientation can be corrected to +5° provided
there is no significant amount of magnetite in the rocks.

A.E. Hess has tested and modified a heat-pulse flowmeter that has excellent
low velocity flow-measuring sensitivity., The flowmeter was tested using
water velocities ranging from 0.35 to 250 millimeters per second and was
found capable of measuring naturally occurring, thermally induced convection
currents in boreholes. The flowmeter is being extensively modified in

order to improve both field reliability and response through four-conductor
logging cable,
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High Resolution Electromagnetic Sounding Methods
By Frank Frischknecht, Lakewood, Colo.
Electrical methods are very useful in the exploration and characterization
of potential sites for nuclear waste repositories. Many features such as
zones of abnormal fracturing or alteration, which are important in site

selection, are good targets for electrical methods. Electrical methods are
effective for locating both horizontal and steeply dipping boundaries, and
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some rock types in the subsurface can be predicted from established relation-
ships between rock type and resistivity.

Existing resistivity and electromagnetic methods work very well and are used
on a routine basis for depth sounding when the earth can be represented
approximately as a horizontally layered medium. However, to make a conven-
tional resistivity or frequency domain loop-loop EM sounding, the electrode
configuration or loop spacing must be two or three times the desired depth
of investigation. The presence of major lateral boundaries or other in-
homogeneities near an electrode or loop causes distortion of the sounding
curve and interpretation of the results is difficult and very time consuming
if the distortion is severe. An electromagnetic technique which employs con-
centric loops or a single loop should be less susceptible to the effects of
lateral boundaries than conventional methods. However, to achieve the
necessary sensitivity for deep probing with such a configuration, frequency
domain measurements must be made with extreme accuracy or time domain wave
forms must be employed.

Objective: The primary objective is to develop time domain electromagnetic
(TDEM) sounding methods using the concentric or single-loop configurations.
A secondary objective is to evaluate and demonstrate the method in areas
where potential repository sites have been or are being investigated with
other geophysical methods.

Approach: Initial tests of the concentric and single-loop domain techniques
were carried out using a commercially available (SIROTEM) TDEM system designed
for mineral prospecting. A larger system for sounding to depths as great as
2,000 m, which would be useful even in low resistivity rocks, is being devel-
oped, Methods for rapid display and computer inversion of the data are being
developed. Three-dimensional model studies are being made to determine
correction factors for such structures, if feasible, and to establish
lTimitations and capabilities of the method.

Progress: Scale-model studies show that single loop TDEM data are more easily
interpreted than separated-loop frequency-domain data when lateral boundaries
are present. O0f course, the method is not immune to the effects of lateral
boundaries and scale studies have been made to determine the effects of some
types of structural features. For instance, truncation of a horizontal con-
ductive layer can cause a pronounced distortion of the TDEM sounding curve, but

only when the loop is over the edge of the layer.

Programs to convert raw-voltage, transient data to apparent resistivities and
to plot data in the field were developed for desk-top computers. Programs to
invert data, assuming a one-dimensional model, were developed for both the
coincident-loop and central-loop configurations using either transient voltages
or apparent resistivities.

A new medium power TDEM transmitter was developed and used very successfully
in the field, and development of a new high power (100 amp) transmitter is in
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nrogress., A computer-based receiver system which will permit measurements
at later times than the existing system has been assembled and is being tested.

Field measurements have been made at a number of localities including the

Nevada Test Site (NTS) (Frischknecht and others, 1982). A comparison of central-
and coincident-Toop results obtained along a profile at NTS extending west from
Yucca Mountain (fig. 2) indicate that basically the two configurations give
similar results.

Reports
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Isotope Geochronology

By John F, Sutter, Reston, Va.

Improvements in the dating of past geologic events will allow better
estimates of the rates at which changes have occurred and the likely
consequences of such changes over the 1ife of a repository; they also will
allow us to place higher confidence limits on such estimates., Events that
have occurred between about 30,000 to 1,000,000 years ago fall in a time
range that is not now covered by standard dating techniques. In addition,
reducing the size of sample needed for age determinations will allow the
dating of materials that cannot be dated at present and thus expand the
applicability of the techniques involved.

The research described below is supplemented by the Geological Survey's
extensive activities in Quaternary research under its Earthquake Hazards,
Climate, and Reactor Hazards programs. A1l of these programs include
research on improving techniques for dating relatively recent geologic
events and materials,

Objective: To develop new methods of determining the ages of rocks and

geologic events and to improve the time range and sensitivity of several
existing techniques.
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Approach: A laser probe mass spectrometer has been assembled for dating
the time for formation of rocks, minerals, and fluid inclusions by
potassium/argon methods. This recently-developed technique reduces the
sample size by several orders of magnitude and allows ages to be determined
on microscopic samples. Its development should make it possible to date
periods of shearing and faulting, rock alteration, metamorphism, and
volcanism by looking at smaller domains within the rock mass than is
currently possible.

Progress: Development work on the laser probe mass spectrometer continued
with the testing of a laser sample chamber vacuum system and an argon puri-
fication system. Also, development work on sample holders resulted in the
design of a multiple-sample laser system., Testing of argon isotopic back-
ground in both mass spectrometer and sample chamber was begun and sensitivity
and detection limits were estimated. The result of this testing suggests
that mineral sample sizes on the order of a few micrograms can likely be
dated by this technique in our laboratory. For most samples, this means
that individual mineral grains can be dated in situ without extracting them
from the rock prior to analysis, as must be done for the conventional K-Ar
dating method. Development work on the type of sample preparation necessary
for this method was accomplished and characterization of a preliminary
sample set and standards was begun. An unanticipated result of the testing
was the recognition that the ability to measure K-Ar ages with the laser
ixtraction system is not controlled by the ability to geaSure radiogenic

Ar, as was expected, but by the ability to measure 2°Ar with enough pre-
cision to make the necessary correction for atmospheric argon contamination.
Our mass spectrometer has an inherent blank level at magg number 36 of about

}0 moles thus, our present detection 1imit for “PAr is about 1 x
10-1 moles,

In practical terms, any improvement in our blank level at mass number 36
reduces the sample size needed for measurement by a corresponding factor.
Our goal is a sample size of 1 microgram or less (presently, it is about 5
micrograms) which will allow us to date single K-bearing mineral grains

only a few million years old. To reach this goal, several modifications to
our existing mass spectrometer system are likely to be necessary. The manu-
facturer of our mass spectrometer (VG-Isotopes Limited of Winsford, England)
is now working on the development of modifications that would result in a
significantly reduced background at mass number 36. Considering that the
smallest sample sizes needed to calculate conventional K-Ar dates is on the
order of tens to hundreds of milligrams; we have demonstrated that the
laser-argon age probe is capable of reducing that sample size by at least
3-4 orders of magnitude.
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Investigations and Modeling of Geologic and Hydrologic Processes

A major objective of the USGS research related to the disposal of high-
level wastes is the identification and understanding of the critical geologic
and hydrologic properties and processes involved in radionuclide migration
from a repository to the biosphere. One group of properties and processes
is related specifically to the thermal and mechanical stresses imposed by
the emplacement of high-level wastes. The effects of these stresses on

the underground flow of fluids (including vapor) and heat cannot be modeled
at present for fractured rocks and unsaturated alluvium. To accurately
describe the flow of fluids in these media requires an understanding of
rock mechanics, heat transport, saturated ground-water flow in fractured
rock, nonisothermal water fluxes in the unsaturated zone, and combined
unsaturated-saturated zone flow in thick alluvium.

The research described below is supported from USGS appropriations.

Fluid Flow in Fractured Rocks
By P. A. Hsieh, Menlo Park, Calif.

The success of an attempt to predict the movement of fluids in a low-
permeability, fractured rock mass will depend on the ability to (1) mathe-
matically describe the physical laws that govern the movement of fluids

in such an environment, and (2) quantitatively characterize the porosity
and permeability of the rock mass and the flow system by meaningful and
measurable quantities.

Objective: The objective is to examine the validity of characterizing
a tractured rock mass as an anisotropic porous medium., Two questions
are to be addressed: (1) Under what circumstances are the mathematical
equations for fluid flow in anisotropic porous media applicable to an
actual field site? (2) On what scale must the flow system be examined
and measurements taken?

Approach: At present, two general approaches have been proposed to predict
the movement of fluids in fractured rocks--the discrete approach which
attempts to characterize fluid flow in individual fractures, and the
continuum approach which characterizes the fractured rock mass as an
anisotropic, and possibly "double," porous medium. The current research
follows the continuum approach,

The approach to examining the validity of a mathematical model is to predict,
by theory, the response of a flow system that is subjected to a known stress
and then to compare the predicted behavior with the actual behavior observed
in a field test conducted at a site where conditions are similar to those
assumed in making the theoretical predictions., The effect of scale will be
examined theoretically by computer simulations and experimentally by making
measurements for different volumes of rock during field testing. Specifi-
cally, the approach involves (1) reviewing the literature on fluid flow in
fractured rock, (2) deriving analytical solutions of equations for flow in
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an anisotropic porous medium for various field testing schemes, and develop-
ing methods of computing the hydraulic conductivity tensor from field data,
(3) conducting field tests at a site located on fractured crystalline rock of
moderate permeability (i.e., about 10-6 cm/s), (4) comparing theoretical
predictions and observed results, examining differences between the two,

and possibly modifying the theory to account for discrepancies, (5) examining
the effect of scale by analyzing field data taken for different volumes of
rock and by computer simulations, and (6) obtaining additional data from
other sites (e.g., Stripa, Sweden) for similar analysis, with emphasis on
data from field tests on rocks of Tow permeability (i.e., 10-9 cm/s or

Tess).

Progress: The past 3 years of research activity have culminated in the
development of a comprehensive methodology of hydraulic testing in fractured
rocks. The methodology utilizes geological and geophysical information as
background. It consists of conventional single-hole packer tests in con-
Jjunction with a newly developed cross-hole packer test. The cross-hole
method involves injecting fluid into a packed-off interval in one borehole
and monitoring hydraulic head variations in packed-off intervals in neigh-
boring boreholes. Borehole orientation is unrelated to the principal
directions of relatively high hydraulic conductivity which, therefore, need
not be known a priori. The method yields complete information about the
directional nature of hydraulic conductivity in three dimensions on a scale
comparable to the distance between the test boreholes. In addition to
providing all six components of the hydraulic conductivity tensor, the
cross-hole method also yields the specific storage of the fractured rock mass.
While the theory behind this method treats the rock as a homogeneous, aniso-
tropic, porous medium, the test provides detailed information about the
degree to which such assumptions may actually be valid in the field. Details
of this field-testing methodology are described by Hsieh (1983).

The proposed hydraulic testing methodology has been applied to a granitic
site near Oracle in southern Arizona, which was provided by the Department
of Hydrology and Water Resources, University of Arizona. Two series of
single-hole pressure tests (constant-head injection and pressure-slug) have
been conducted along the entire lengths of two boreholes. The injection and
pressure-slug tests yielded similar hydraulic conductivity values ranging
from 10-11 to 10-7 m/s. In each borehole, the arithmetic average of the
hydraulic conductivities determined at different packed-off intervals was
similar to the overall hydraulic conductivity obtained from open-hole tests.
Preliminary cross-hole tests have been conducted in the same two boreholes.
Although the hydraulic conductivity tensor and specific storage cannot be
obtained without data from a third borehole, the results nevertheless suggest
that the tested rock mass responds as a classical, anisotropic, porous
continuum, Further tests in a three-dimensional array of boreholes are
under way.
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Field Tests of Flow in Unsaturated Alluvium
By E. P. Weeks, Lakewood, Colo.

If unsaturated alluvium in arid regions is considered for the host medium

in high-level waste repositories, models must be developed to estimate the
flow of water that might leach radionuclides and transport them toward the
water table, considering ambient thermal conditions and the presence of a
heat source. These models will be useful also to evaluate effects of extreme
climatic events and of climatic changes on the integrity of the repository.

Objective: To develop and field test operational models to simulate com-
bined saturated-unsaturated flow under anisothermal conditions at a small
scale and on a precise theoretical basis; also, to simulate saturated-
unsaturated zone interactions at an areal scale on a more empirical basis.

Approach: Field, laboratory, and modeling studies will be used to achieve
the objective., Field studies will include the measurement of subsurface
moisture tension, temperature, and humidity to determine the flow of heat
and water.

Data from field tests of unsaturated flow will be used to develop and
test an operational small-scale model for combined unsaturated-saturated
zone flow under anisothermal conditions. The model will permit the simu-
lation of various conditions of infiltration and soil-moisture depletion
by evapotranspiration, Results of the small-scale model studies will be
used to develop a more empirical large-scale model that will include the
approximate effects of the unsaturated zone.

Progress: The installation of thermocouple psychrometers has been
completed at Jackass Flats on the Nevada Test Site with psychrometers
installed at a distance of 4.0-4.3 m from the sidewall of the caisson

along each of three rays 120° apart. The psychrometers, together with
tensiometers and gas-sampling tubes, are installed at 60-cm intervals
between depths of 1.5 to 12 m. Instruments along three rays will allow
three experiments, including one with a heater and subsequent water
flooding, one with flooding but no heater, and one for long-term monitoring.
The heater experiment is now scheduled to start in the winter of 1983-84.

The heater experiment at Tryon, Nebraska at the University of Nebraska
Sandhills Agricultural Laboratory has been in progress for almost 2 years,
and will be halted in September 1983. Water collected in a depression and
ran down the annulus of the heater hole in the summer of 1982, resulting
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in a sharp drop in temperature in its immediate vicinity. The problem
was identified, the heater hole was rebackfilled, and the surface mounded
to prevent further ponding of water. Temperatures regained their pre-
infiltration level and the test is progressing well.

Nonisothermal Water Fluxes in the Unsaturated Zone
by W. N. Herkelrath, Menlo Park, Calif.

In view of the low water flux usually found in the unsaturated zone in arid
regions, this environment has been suggested as being worthy of further con-
sideration for locating high-level waste repositories.

Initially, the wastes will be at higher temperatures than their surroundings
and will probably be placed in a medium that is relatively dry and is approxi-
imately at atmospheric pressure. Therefore, assessments of plans for con<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>